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ABSTRACT 
This paper discusses c o o l i n g  energy use i n  a  
small o f f i c e  b u i l d i n g  w i t h  the o b j e c t i v e  o f  devel- 
oping an understanding o f  where energy i s  used 
and i d e n t i f y i n g  r e l a t i o n s h i p s  between coo l ing  
energy and o ther  energy end uses. A t t r i b u t e s  o f  
t h e  b u i l d i n g  metered are discussed t o  p rov ide  a 
perspect ive f o r  the  data presented on energy p e r f o r -  
oance o f  the b u i l d i n g  w i t h  an emphasis on the  
coo l ing  energy use. The data are reviewed t o  
develop an understanding o f  c o o l i n g  loads i n  t h e  
b u i l d i n g  as w e l l  as t h e  HVAC system's response. 
Despite the  d e t a i l e d  inst rumentat ion o f  the  b u i l d i n g  
i t  i s  ev ident  t h a t  c o l l e c t i o n  o f  a d d i t i o n a l  data 
i s  requ i red  t o  go beyond q u a n t i f y i n g  the b u i l d i n g ' s  
energy consumption and e x p l a i n  why the  b u i l d i n g  
e x h i b i t s  i t s  c h a r a c t e r i s t i c  coo l ing  behavior.  
Add i t i ona l  data needed are suggested t o  a s s i s t  o ther  
researchers i n  developing metering programs. 
The f i n a l  sec t ion  o f  the  paper summarizes a  com- 
par ison o f  the  metered data w i t h  a  c a l i b r a t e d  
DOE 2.1 energy s imulat ion.  The r e s u l t s  o f  t h e  
c a l i b r a t e d  s imu la t ion  h i g h l i g h t  t h e  l i m i t a t i o n s  
of s imulat ions i n  understanding b u i l d i n g  energy 
usn as w e l l  as the need f o r  meter ing t o  develop 
r e a l i s t i c  opera t ing  schedules. 
The data presented i n  t h i s  paper a r e  based 
upon emp i r i ca l  hour1 y  end-use energy monitorin:: 
i n  a 20,500 square f o o t  o f f i c e  b u i l d i n s  loca ted  
i n  Richland, LJA. t lour l  y  end-use e n c r y  and 
n i c r o c l i m a t e  data have been c o l l e c t e d  f o r  the  
past two years as a  p i l o t  meterin2 p r o j e c t  f o r  
a  l a r g e r  data c o l l e c t i o n  e f f o r t  i n  con junc t ion  
w i t h  the  Bu i ld ing  Systcns I n t e g r a t i o n  Program 
~r~anaeed by P a c i f i c  Northwest Laboratory f o r  the 
U. S. Department o f  Energy. 
The o f f i c e  b u i l d i n g  metered. c a l l e d  Sigma 
I V ,  i s  a one s t o r y  20,500 square f o o t  b u i l d i n g  
b u i l t  i n  1979. This  b u i l d i n g ,  p a r t  o f  a  fou r  
b u i l d i n g  complex. t y p i f i e s  recent  cons t ruc t ion :  
i t  i s  a  specu la t i ve  o f f i c e  b u i l d i n g  leased t o  
a  s i r l e le  tenant  who pays on ly  moderate a t t e n t i o n  
t o  energy consumption. Based upon degree days, 
the c l imate  i n  Richland can be character ized as 
temperate: 5299 and 1030 hea t ing  and c o o l i n g  
degree days, r e s p e c t i v e l y  (base 65 and 70, 
respec t i ve ly ) .  Summer daytime highs are t y p i c a l l y  
i n  the 90 's  (degrees Fahrenhei t )  w i t h  occasional 
highs over 100. 
OVERVIEW OF BUILDING STRUCTURE 
The o f f i c e  b u i l d i n g  i s  rough ly  rectangular ,  
i t s  dimensions being 100 X 200 f e e t  w i t h  t h e  
longer a x i s  runr , ing east-west. The b u i l d i n g  
i s  b u i l t  on a  4  inch concrete s l a b  w i t h  w a l l s  
made of concrete block. aluminum studs, 3 112 
inches o f  f i b e r g l a s s  i n s u l a t i o n  and d rywa l l .  
The windows a re  1  inch  t h i c k  ( w i t h  the  a i r  gap), 
doubled glazed, s o l a r  bronzed g lass mounted i n  
f i x e d  aluminum sashes. The b u i l d i n g  has a  l a r g e  
number o f  d i v i d e d  o f f i c e  spaces w i t h  d rywa l l  
w a l l s  extending up t o  t h e  suspended c e i l i n g .  
The c e i l i n g  i s  composed of 2 X 5  f o o t  acous t i ca l  
panels below an u n p a r t i t i o n e d  plenum. The b u i l t  
up r o o f  deck cons is ts  o f  2  inches o f  r i g i d  insu la -  
t i o n  and ta r .  --here i s  a  3 f o o t  overhang on a l l  
f o u r  s ides o f  t h e  bu i ld ing .  I n  add i t i on .  the re  
i s  a  6-inch l a y w  o f  f i b e r g l a s s  i n s u l a t i o n  i n  
the  roo f .  A p i c t u r e  o f  the  b u i l d i n g  i s  presented 
i n  F igure 1. 
The mechanjcal system c o n s i s t s  o f  t e n  r o o f  
mounted a i r - t o - d i r  heat pumps serv ing  f i v e  
per imeter  and f , i ve  i n t e r i o r  zones. The t o t a l  
c o o l i n g  capac i t y  f o r  the  b u i l d i n g  i s  50 tons, 
approximately one t o n  f o r  each 400 square fee t .  
Th is  c o o l i n g  capac i t y  i s  t y p i c a l  f o r  an o f f i c e  
o f  t h i s  size. There are f o u r  models o f  heat 
pumps ranging from 28 t o  88 Btu/hour o f  coo l ing  
capacity.  The EERs o f  these models range from 7  
t o  8. E i g h t  o f  t h e  heat pumps a re  equipped w i t h  
ou ts ide  a i r  temperature c o n t r o l l e d  economizers. 
INechanical c o o l i n g  i s  locked ou t  on s i x  o f  the 
heat pumps when t h e  ou ts ide  temperature drops 
below 550F. The o ther  tvio heat pumps can use 
mechanical cool  i ng below 550F i f  t h e  ther~nos ta t  
c a l l s  f o r  second stage cool ing.  The heat pumps 
lock ou t  res is tsnce  hea t ing  when t h e  ou ts ide  
temperature i s  above 400F. Analys is  o f  energy 
use i n  t h e  b u i l d i n s  i s  complicated by t h e  d i f -  
ferences i n  heat pump c a p a c i t i e s  and t h e i r  c o n t r o l  
s t ra teg ies .  A d d i t i o n a l  i n fo rmat ion  on the heat 
pumps w i l l  be prov ided i n  the  a n a l y s i s  sec t ion  
t o  a i d  i n  understanding the  energy use. 
In fo rmat ion  on how t h e  b u i l d i n g  i s  used and 
operated i s  a lso  e s s e n t i a l  f o r  understanding 
energy use. There are no c o n t r o l  systems on the  
bu i ld ing .  except f o r  a  t imer  on the  ou ts ide  s o f f i t  
l i g h t s .  The b u i l d i n g  opera t ion  i s  probably  
a t y p i c a l  i n  t h a t  t h e r e  a re  no n igh t - t ime  c o n t r o l s  
f o r  the  fans o r  n i g h t  and weekend setbacks o f  
temperatures. The b u i l d i n g  i s  t y p i c a l l y  kept  
between 70 and 75 degrees F year round and i s  
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continuous1 v e n t i l a t e d .  O f f i c e  l i g h t i n  i s  
c o n t r o l l e d  gy switches loca ted  i n  each o f f i c e ,  
v ~ h i l e  h a l l  l i g h t i n g  remains on 24 hours a  day. 
The b u i l d i n g  i s  occupied by approximately 120 
workers, w i t h  peak occupancy between 9:00 a.m. and 
4:00 p.m. on weekdays. Employees have access t o  
the b u i l d i n g  24 hours a  day1365 days per year. 
The b u i l d i n g  i s  t y p i c a l l y  occupied from 6:00 a.m. t o  
11:OO p.m. on weekdays and dur ing  the  dayt ime on 
weekends. B u i l d i n g  c lean ing  and maintenance i s  
conducted dur ing  the  working day. I n t e r n a l  
maintenance i s  performed on an as needed basis  
and HVAC maintenance i s  done on a  q u a r t e r l y  bas is  
by a  mechanical contractor .  
SUMYARY OF EbERGY CONSUMPTION 
The annual end-use energy consumption over the  
p e r i o d  o f  May 1984 through A p r i l  1985 i s  summarized 
i n  the p i e  char t  i n  F igure 2. I t  i s  s u r p r i s i n g  t o  
note the small f r a c t i o n  o f  the t o t a l  energy use 
accounted f o r  by cool ing.  However. i t  should be 
recognized t h a t  the 24 hour opera t ion  o f  t h e  b u i l d -  
i n g  r e s u l t s  i n  s u b s t a n t i a l  hea t ing  and v e n t i l a t i o n  
energy use. The l a r g e s t  energy end use was l i g h t i n g  
represent ing 38%. o r  197,085 kblh. The second 
l a r g e s t  was v e n t i l a t i o n  energy a t  21%, o r  108,887 
kllh. Heating and coo l ing  energy were approximately 
12% each, 63;368 and 61,697 kblhi respec t i ve ly .  
The other  major end use was the convenience o u t l e t s  
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which accounted f o r  11%. o r  54,777 kWh. The l a r g e  
amount o f  energy used a t  the  convenience o u t l e t s  
i s  c h i e f l y  due t o  t h e  l a r g e  number o f  personal 
computers and r e l a t e d  equipment i n  the b u i l d i n g .  
The "other"  category c o n s i s t s  o f  two ho t  water 
heaters, a  copy machine, ou ts ide  l i g h t i n g ,  a  m in i  
computer system, and the  b u i l d i n g  f i r e  alarm sys- 
tem. 
On an annual basis. the  b u i l d i n g  uses 86.24 
kBTU/Sq. Ft.  I n t e r n a l  c o o l i n g  loads inc lude  32.81 
kBTU/Sq.Ft. f o r  l i g h t i n g .  9.12 kBTU/Sq.Ft. f o r  
equipment i n c l u d i n g  computers and the  copy machine, 
and approximately 11.1 kBTU/Sq.Ft. f o r  people 
( s e n s i b l e  and l a t e n t ) .  The r e s t  o f  t h i s  s e c t i o n  
w i l l  desc r ibe  when and where c o o l i n g  takes p lace 
i n  the  bu i ld ing .  
I n  order  t o  reduce the data t o  a  manageable 
l e v e l ,  y e a r l y  c o o l i n g  has been d i v i d e d  i n t o  fou r  
per iods  based on c o o l i n g  degree days (CDD) w i t h  
a  base o f  700F. The f o u r  per iods  are: t h e  winter .  
November through A p r i l  when there  i s  a  t o t a l  o f  
1.4 CDD; t h e  swing season, c o n s i s t i n g  o f  May and 
October when there  are 24.4 COD; e a r l y  and l a t e  
summer, June and September w i t h  137.2 CDD; and 
the  summer, J u l y  and August w i t h  511 CDD. Cool ing 
represents a  low o f  2.4% o f  the  b u i l d i n g ' s  t o t a l  
energy use f o r  the  w i n t e r  per iod  and r i s e s  t o  a  
h ieh  o f  31.1% i n  t h e  summer period. I n  t h e  swing 
per iod.  c o o l i n g  represents 13.0% o f  the  t o t a l  
energy consumption and increases t o  19.7% i n  t h e  
e a r l y / l a t e  summer. Cool ing energy use i s  n o t  
s i g n i f i c a n t  u n t i l  t he  e a r l y l l a t e  summer and summer 
periods. 
Average h o u r l y  c o o l i n g  energy p r o f i l e s  a re  
shown f o r  each o f  t h e  f o u r  c o o l i n g  per iods  i n  
F igure 3. The p r o f i l e s  i n d i c a t e  t h a t  between 
June and September the b u i l d i n g  operates i n  a  
c o o l i n g  mode even when the b u i l d i n g  i s  v i r t u a l l y  
unoccupied. Peak c o o l i n g  loads occur between 
3:00 and 4:00 i n  t h e  af ternoon.  
The c o o l i n g  energy use i s  normalized by square 
f e e t  and c o o l i n g  degree days i n  Table 1. The 
normalized f a c t o r s  are shown t o  a l l o w  comparison 
w i t h  o ther  b u i l d i n g s .  However, i t  i s  ev ident  
t h a t  no rma l i z ing  c o o l i n g  cnerey by coo l ing  degree 
days on a  seasonal bas is  does no t  r e s u l t  i n  any 
i n s i g h t s  i n t o  c o o l i n g  loads. Th is  i s  n o t  
s u r p r i s i n g  s ince  t h e  c o o l i n g  loads are d r i v e n  by 
i n t e r n a l  gains, n o t  ou ts ide  temperature i n  t h e  
w i n t e r  p e r i o d  and swing season. 
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Table 1. Flormalized Coo l i ng  E n e r ~ g  Consumption 
ideasure -% L l i n te r  Swing E a r l  y /La tc  Sunner To.tal 
Summer 
Uat ts /sq.  ft. 300 492 747 1448 2937 
Wat ts /sq. f t .  214 20.3 5.4 2.8 4.5 
CDD 
* CDD base 70 F 
The r o l e  o f  t h e  econor;~izers has been i n v e s t i -  
gated i n  o rde r  t o  understand t h e  low p r o p o r t i o n  
o f  coo l  i n g  energy use. As noted p r e v i o u s l y ,  two 
o f  t h e  zones, t h e  eas t  and west pe r ime te r  zones, 
do n o t  have economizers. I n  a d d i t i o n ,  t h e  heat  
[JUlJp s e r v i c i n g  t h e  e a s t  zone must be sw i t ched  
manual ly  a t  t h e  the rmos ta t  fr01i1 h e a t i n g  t o  c o o l i n g .  
The thermosta t  i s  u s u a l l y  swi tched o v e r  t o  h e a t i n g  
from laid November t o  m i d  A p r i l .  I n  two o f  t h e  
zones, t h e  no r thwes t  and southwest i n t e r i o r  zones, 
t h e  heat  pumps can ope ra te  i n  a  l i lechanical  c o o l i r ~ c  
mode t h e  temperature  i s  he1011 55 F i f  t h e  
t h e r ~ ~ ~ o s t a t  c l l s  f o r  second s t a ~ e  c o o l i n g .  
The c o n t r i b u t i o n  o f  t h e  ccononizers  t o  s e r v i n g  
t h e  c o o l i n 2  decdnd i s  i l l u s t r a t e d  i n  F i g u r e  4. 
The t o t a l  number o f  heat  puwp c o o l i n g  hours  and 
t h e  number o f  economizer hours a r e  shown by month. 
The nunber o f  hours  o f  economizer o p e r a t i o n  i n c l u d e s  
a l l  e i g h t  hea t  pul:~ps w i t h  economizers. The t o t a l  
hours o f  coolin; o p e r a t i o n  i n c l u d e  a l l  t e n  hea t  
puraps. F i g u r e  4  h i g h l i g h t s  t h e  use fu lness  o f  t h e  
econor.iizers i n  t h e  p e r i o d  o f  November th rouzh  
i larch. However. i t  can he sezn t h a t  these hours 
rep resen t  a  ss ia l l  f r a c t i o n  o f  t h e  annual coolin:: 
LISG. 
ANALYSIS OF COOLING ENERGY USE 
The summary o f  energy use h i g h l i ~ h t s  t h e  si : la l l  
c o o l i n g  l oads  i n  t h e  o f f i c e  b u i  ldin:. Hypotheses 
f o r  t h i s  behav io r  a r e  proposed i n  t h i s  s e c t i o n ,  
hoviever i t  becomes e v i d e n t  t h a t  i n s u f f i c i e n t  d a t a  
p rec ludes  any conc lus ions.  The low coo l  i n g  l oads  
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migh t  be a t t r i b u t e d  t o  t h e  use o f  economizers. 
A l t e r n a t i v e l y ,  t h e  b u i l d i n g  c o n s t r u c t i o n  o r  
o p e r a t i o n  schedules may be t h e  domina t i ng  f a c t o r .  
E c o n o ~ ~ ~ i z e r  use i s  i n v e s t i g a t e d  i n  f u r t h e r  
d e t a i l  i n  t h i s  sec t i on .  However. t h e r e  a r e  no 
q u a n t i t a t i v e  neasurements o f  t h e  e f f e c t s  o f  t h e  
i n t e r i o r  and p e r i m e t e r  zones b e i n g  coup led t o  
t h e  ;round and hav ing  a  l a r g e  r o o f  area w i t h  
o n l y  a moderate amount o f  i n s u l a t i o n .  The c o o l i n g  
l oads  durin: t h e  unoccupied hours o f  t h e  day can 
p robab ly  be a t t r i b u t e d  t o  t h e  h a l l  l i g h t i n g  which 
r e ~ i a i n s  on a l l  n i g h t  as w e l l  as t h e  l a r g e  q u a n t i t y  
o f  computer e q u i p w n t  which i s  t y p i c a l l y  l e f t  on. 
The e f f e c t s  o f  bui ld in; :  o r i e n t a t i o n  were 
i n v e s t i g a t e d  and t h e  d a t a  have been summarized i n  
F i g u r e  5 by zone, o r i e n t a t i o n .  and l o c a t i o n  as 
vie11 as season. The energy use has been normal ized 
t o  wa t t s / sq . f t . / r i ~on th  t o  remove t h e  e f f e c t s  o f  
d i f f e r e n t  zone s i z e s  and t h e  l o n g e r  t i s ~ e  p e r i o d  
f o r  t h e  w i n t e r  sesson. The l o c a t i o n  and s i z e  o f  
each o f  t h e  zones a long w i t h  t h e  c o o l i n g  c a p a c i t y  
N O R M R L I Z ! Z D  C O O L I N G  E N E R G Y  USE B Y  Z O N E  
N PERll lETER SU P E R I V E T E 2  U PERIMETER 
SE P K R I X T E R  E  PERl l lETER ItITE17IOR 
FIGURE 5 
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o f  i t s  corresponding heat pump are shown i n  F igure  
6. The east  per imeter  zone has the  smal lest  heat  
puiap fo l lowed by the  heat pump i n  ,the west per imeter  
zone. The coo l ing  c a p a c i t i e s  o f  the east  and west 
p e r i n e t e r  zones are less  than the  n o r t h  and south 
per imeter  zones. 
The nor th  and south e x t e r i o r  zones f o l l o w  the  
expected p a t t e r n  fo r  the  w i n t e r  and swing season: 
t h e  southern t u o  zones use more energy. on a  square 
f o o t  bas is  than the  nor thern  zone. I n  t h e  e a r l y  
through l a t e  summer i t  i s  s u r p r i s i n g  t h a t  the  
nar th  per imeter  zone uses :nore coolin: enerzy 
than the  southv~est per imeter  zone. One p o s s i b l e  
exp lana t ion  i s  t h a t  the re  i s  a h igher  r a t i o  o f  
z lass t o  w a l l  area f o r  the nor thern  zone than t h e  
southwestern zone as w e l l  as the  r o l e  o f  t h e  ovsr-  
hang i n  reducing s o l a r  loads on t h e  southern face. 
The cas t  and west per imeter  zoncs use s i g n i f i c a n t l y  
less energy than the other  per imeter  zones f o r  
a l l  seasons except dur ing  the ! l i n t e r  f o r  t h e  v e s t  
per imeter  zone. This r e s u l t  i s  s u r p r i s i n g ,  
especial  l y  s ince the east and west p c r i n ~ e t e r  zone 
heat pumps do n o t  have economizers. The l o w  c o o l i n g  
energy consumption i n  these zones suggests the  
importance o f  t h e  i n t e r a c t i o n  o f  equipment s i z i n g .  
The i n t e r i o r  zoncs e x h i b i t e d  t h e  sane c o o l i n g  
behavior. 
I t  i s  d i f f i c u l t  t o  p rov ide  a  d e t a i l e d  expla- 
n a t i o n  o f  t h e  d i f f e r e n c e  i n  the  performance o f  
t h e  d i f f e r e n t  zones due t o  the  l i n i t a t i o n s  of t h e  
data co l lec ted .  M h i l e  the  heat pumps a l l  have 
s i m i l a r l y  r a t e d  e f f i c i e n c i e s .  any d i f f e r e n c e s  i n  
the  i n s t e l l e d  pcrfori, lance o f  t h e  heat pimps ni;ht 
exp la in  sor:ic o f  the zonal v a r i a t i o n s .  I n  add i t i on ,  
the perfornlance o f  the  i n d i v i d u a l  zones i s  a f f e c t e d  
by the  m ix ing  o f  the  r e t u r n  a i r  from a l l  t h e  zoncs 
i n  the  plenum. 
Sigma N Floor Plan 
FIGURE 6 
Economizer opera t ion  was i n v e s t i ~ a t e d  and i s  
s ~ m a r S z e d  I n  F izures  7 and 8 on a  zone by zone 
bas ls  f o r  t h e  f o u r  def ined c o o l i n g  per iods.  F igure 
7 shows the  f r a c t i o n  o f  hours d u r i n g  which the  
econoinizers were used as a  percent  of t o t a l  hours 
when t h e  thermostat  c a l l e d  f o r  cool ing.  F i s u r e  
8 shows t h e  percent  o f  hours o f  economizer . 
opera t ion  o f  the t o t a l  hours i n  the  t ime per iod.  
These f i ~ u r e s  should be viewed i n  the  con tex t  o f  
t h e  b u i l d i n g  I s  opera t iona l  c h a r a c t e r i s t i c s .  The 
b u i l d i n g  systems operate 168 hours a  week as 
opposed t o  a  t y p i c a l  o f f i c e  b u i l d i n g  which i s  
operated approximately 80 hours a week. Cool ing 
i s  r a r e l y  requ i red  d u r i n g  t h e  extended hours o f  
b u i l d i n g  opera t ion  due t o  t h e  combinat ion o f  low 
n i g h t t i m e  temperatures and r e l z t i v e l y  low i n t e r n a l  
loads. Therefore. these Dercentmes a re  1  i k e l v  
t o  be s i g n i f i c a n t l y  h igher  i n  a  b;llding w i t h  a 
t y p i c a l  opera t ing  schedule. No e c o n m i z e r  
opera t ion  i s  shown f o r  the southeast i n t e r i o r  
zone. The metered da ta  i n d i c a t e  t h a t  t h e  
economizer was n o t  working. 
E C O N O M I Z E R  OPERRTION 
X T O T O L  C O O L I K G  HOURS 
U I N T E R  SU ING C R R L Y , L F ~ T E  s u n n E a  
a } T I  
FIGURE 7 
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FIGURE 8 
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Except f o r  t h e  sou theas t  i n t e r i o r  zone. t h e  
economizer o p e r a t i o n  serves a  s i g n i f i c a n t  p o r t i o n  
o f  t h e  c o o l i n g  demand d u r i n g  t h e  w i n t e r  season. 
When these da ta  a r e  examined by month i t  i s  e v i d e n t  
t h a t  t h e  economizers account  f o r  a lmos t  100% o f  
t h e  c o o l i n g  demand f o r  t h e  p e r i o d  o f  December 
t h rough  March. I n  A p r i l  t h e  demand f o r  c o o l i n g .  
as c a l l e d  f o r  a t  t h e  t he rmos ta t ,  r e p r e s e n t s  a  
l a r g e  p r o p o r t i o n  o f  t h e  t o t a l  c o o l i n g  hours  f o r  
t h e  s i x  month pe r i od .  I n  a d d i t i o n ,  t h e  dayt ime 
t e n p e r a t u r e  r i s e s  above 550F t h u s  r e q u i r i n g  
mechanical  c o o l i n g .  The second column i l l u s t r a t e s  
t h a t  t h e  pe rcen t  o f  hou rs  where c o o l i n g  i s  needed. 
e i t h e r  mechanical  o r  f r e e ,  i s  a  sma l l  pe rcen t  o f  
t h e  t i n e  pe r i od .  I n  t h e  summer, t h e  c o n t r i b u t i o n  
o f  t h e  economizers becomes nez l  i g i  h l  e. 
ADDITIONAL DATA REQUIRED 
There i s  no " c o r r e c t "  amount o f  i n s t r u n e n t a t i o n  
r e q u i r e d  t o  meter a  commercial  b u i l d i n g .  I n s t r u -  
men ta t i on  requ i remen ts  a r e  e s t a b l i s h e d  by s tudy  
o b j e c t i v e s ,  s tudy  budget, and hardware l i m i t a t i o n s .  
Data surnmari z i n g  end-use energy consumption a r e  
v a l u a b l e  t o  i d e n t i f y  a c t u a l  consumption p a t t e r n s  
and t o  h e l p  c o n f i r m  o r  r e f u t e  common e x p e c t a t i o n s  
and/or t h e  r e s u l t s  o f  thermal  s i m u l a t i o n s .  The 
Sigma I V  m e t e r i n g  resea rch  p r o j e c t  i n d i c a t e s  t h e  
impor tance o f  knowing about t h e  per formance o f  
t h e  HVAC system. E i t h e r  cont inuous,  o r  one-ticne, 
measurements o f  equipment e f f i c i e n c y  would b e  
u s e f u l  t o  h e l p  e x p l a i n  v a r i a t i o n s  i n  energy  use 
by b u i l d i n g  zone. M o n i t o r i n g  o f  p a r t  l o a d  
performance would a1 so be u s e f u l .  Measurements 
o f  i n s o l a t i o n  i n  t h e  p e r i m e t e r  zones c o u l d  be 
used t o  f u r t h e r  assess t h e  impacts  o f  b u i l d i n g  
o r i e n t a t i o n  as w e l l  as t h e  e f f e c t i v e n e s s  o f  t h e  
b u i l d i n g ' s  overhangs. F i n a l l y .  t h e  a b i l i t y  t o  
a d j u s t  t h e  b u i l d i n g ' s  o p e r a t i n g  schedules t o  s t u d y  
t h e  a s s o c i z t e d  impact  would a i d  i n  deve lop ing  an 
unders tand ing o f  c o o l i n g  enc rzy  use i n  t h e  
b u i  l d i n z .  
CORPARISON NITH COMPUTER SIMULATION 
The a v a i l a b i l i t y  o f  metered d a t a  a t  t h i s  
l e v e l  o f  d e t a i l  can p r o v i d e  v a l u a b l e  i n s i g h t s  
i n t o  p o s s i b l e  b u i l d i n g  enerzy  c o n s e r v a t i o n  s t r a t e -  
g ies .  S ince t h e  d a t a  a r e  c o l l e c t e d  h o u r l y ,  t h e  
b u i l d i n g  energy use can b e  compared t o  e s t i m a t e s  
f rom an u n l  i m i  t e d  number o f  energy a n a l y s i s  
~ae thodo log ies  and t o o l s .  D iscussed b r i e f l y  here  
i s  an a t t emp t  t o  model t h e  energy consumption i n  
S i z ~ i ~ a  I V  w i t h  t h e  DOE 2.18 energy a n a l y s i s  program. 
DOE 2.1B i s  a  p u b l i c  domain, hour-by-hour 
c o ~ i p u t e r  s i l n u l a t i o n  t h a t  has been w i d e l y  used by 
b u i l d i n g  des igne rs ,  eng ineers ,  and resea rche rs .  
The v a l i d i t y  o f  i t s  a l g o r i t h m s  and n e t h o d o l o g i e s  
has Seen demonstrated i n  a  number o f  s t u d i e s .  
Never the less ,  many des igners .  eng ineers .  and 
resea rche rs  a l i k e  a r e  s k e p t i c a l  o f  i t s  accuracy  
and s u i t a b i l i t y  f o r  assess ing  d e s i y  s t r a t e e i e s .  
The i n t e n t  o f  t h i s  work was n a t  t o  v a l i d a t e  t h e  
grozram o r  p rove  i t s  accuracy,  b u t  r a t h e r  t o  l e n d  
i n s i g h t  i n t o  i t s  s u i t a b i l i t y  f o r  d e v e l o p i n ~  energy 
c o n s e r v a t i o n  s t r a t e g i e s  i n  a  s p e c i f i c  b u i l d i n g .  
and t o  h i g h l i g h t  p o t e n t i a l  u s e r  e r r o r s  and p i t f a l l s  
i n  model ing  a  b u i l d i n g .  Of p a r t i c u l a r  i n t e r e s t  
here  i s  t h e  pro1:ess o f  co rnp i l i ne  i n p u t  es t ima tes  
o f  b u i l d i n g  use schedules.  The a v a i l a b i l i t y  o f  
h o u r l y  d a t a  a l l w s  c l o s e  s c r u t i n y  o f  such 
es t imates .  
I n  o r d e r  t83 d i r e c t l y  compare t h e  metered 
d a t a  f o r  a  p a r t i c u l a r  yea r  w i t h  a  computer s imula-  
t i o n ,  i t  i s  ncc?ssa ry  t o  use t h e  sanle weather 
y e a r  f o r  i n p u t  i n t o  t h e  s i m u l a t i o n .  The a v a i l a -  
b i l i t y  o f  such d a t a  a t  P a c i f i c  No r thwes t  Labo ra to ry  
(PI'IL) has made t h i s  p o s s i b l e .  H o u r l y  weather 
o b s e r v a t i o n s  f rom 1982 th rough  1984 w r e  o b t a i n e d  
f rom t h e  PNL weather s t a t i o n .  These d a t a  were 
conve r ted  t o  Tes t  Reference Year (TRY) f o rma t  
' thich can be r e a d  by t h e  DOE 2.1E weather  
processor .  S ince  t h e  metered d a t a  cove r  a  p e r i o d  
f rom November, 1983 t h r o u g h  A p r i  1, 1985, t h c  f u l l  
measurement yea r  can be d i r e c t l y  compared. 
Tilo s i g n i f i c a n t  d i f f i c u l t i e s  were encountered 
i n  model ing  t h e  Sigma I V  b u i l d i n g  f o r  t i ~ i s  s tudy.  
Both  i n v o l v e  l i m i t a t i o n s  o f  t h e  a b i l i t y  o f  DOE 
2.18 t o  model t h e  per formance o f  hea t  pumps. The 
f i r s t ,  and t h e  r11or;t c r i t i c a l  t o  t h i s  s t ~ ~ d y .  i s  
t he  i n a b i l i t y  c f  DOE 2.18 t o  n ~ d e l  economizer 
o p e r a t i o n  on an a i r - t o - a i r  hea t  pump. The second 
prob lem i s  t h e  i n a b i l i t y  of  DOE 2.18 t o  r,iodel t h e  
cormon r e t u r n  a i r  plenula f o r  t h e  t e n  hea t  2uaps. 
One o f  t h e  f i r s t  s t e p s  i n  nodelin:: a  bui ld in; :  
i s  t h e  deve lopn~ent  o f  b u i l d i n g  use schedules.  
S ince ei lergy use i n  l a r g e r  b u i l d i n ~ s  i s  t y p i c a l l y  
d r i v e n  dominan t l y  by i n t w n e l  loads,  t h i s  s t e p  
i s  ex t reme ly  i m p o r t a n t .  U n f o r t u n a t e l y .  t hese  
assumptions a r e  o f t e n  g i v e n  o n l y  m in ima l  thought .  
Even when c a r e f u l l y  d e v ~ l o p e d .  t h e s e  assumed 
schedu les  may r ~ o t  be accu ra te ,  as was demonst ra ted 
by t h i s  s tudy.  
The Sizma I V  b u i l d i n g  was modeled t h r e e  t imes,  
f i r s t  w i t h  e s t i m a t e d  l i g h t i n g  and equipment den- 
s i t i e s  and schedules.  t h e n  w i t h  "s tandard"  l i g h t i n g  
and equipment r .chedules f rom t h e  DOE 2.18 Reference 
Manual, and f i r ~ a l l y  u i t h  t h e  a c t u a l  power d e n s i t i e s  
and schedu les  d e r i v e d  from1 t h e  metered data.  Thc 
e s t i m a t e d  power d e n s i t i e s  were deve loped by 
c o u n t i n g  t h e  i r ~ s t a l l e d  l i g h t  f i x t u r e s  and equ ip-  
ment. Es t ima ted  occupancy. l i ~ h t i n g .  and equipment 
schedu les  were deve loped t h r o u g h  t h e  consensus of  
a  number o f  persons fa r i i i l  i e r  w i t h  t h e  b u i  ldin:. 
The "s tandard"  occupancy, 1  i g h t i n g ,  and cqu ipnen t  
schedules f r om t h e  DOE 2.18 Reference blanual were 
used i n  c o n j u n c t i o n  u i t h  t h e  e s t i m a t e d  power den- 
s i t i e s  f o r  t h e  second s i m u l a t i o n .  The f i n a l  sim- 
 lati ti on was c a l i b r a t e d  so t h a t  l i ~ h t i n t ,  and equ ip-  
ment energy  use were as c l o s e  as p o s s i b l e  t o  t h e  
a c t u a l  consur~ ip t ion .  The r e s u l  'is o f  t hese  s imula-  
t i o n s  a r e   show^ i n  F i g u r e  9. 
Upon f i rs . :  examinat ion .  t h e  r e s u l t s  appear 
t o  compare f a v o r a b l y .  Fo r  example u s i n g  t h e  
e s t i m a t e d  use schedu les  t h e  l i c h t i n z  energy  
consunp t i on  was p r e d i c t e d  w i t h  an e r r o r  o f  l e s s  
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than t e n  percent o f  metered consunption. However, 
c loser  examination reveals  some i n t e r e s t i n g  
d i f ferences.  The count o f  connected l i g h t i n 2  
f i x t u r e s  amounted t o  3.01 Hatts/sq. ft. However. 
the  actual  peak d e n s i t y  revealed by the  metered 
data was 2.37 Wat ts /sq. f t ,  i n d i c a t i n g  t h a t  a l l  
the l i g h t s  are never on o r  working a t  the same 
time. The est imated schedule assumed t h a t  the 
minimum l i g h t i n g  use ( d u r i n g  the  n i g h t )  was 
approximately 5 percent  o f  thc peak. The data 
revealed t h a t  t h i s  base i s  almost 30 percent.  
Had t h e  peak dens i t y  been est imated c o r r e c t l y .  
the  annual l i g h t i n g  eneray would have been p red ic ted  
w i t h  an e r r o r  o f  almost 30 percent.  Cool ing enerzy 
would have been p red ic ted  w i t h  a  d i f f e r e n c e  o f  11 
percent  from the o r i g i n a l  est imate. and 17 percent  
from t h e  ac tua l  metered consumption. 
PREDICTED E N E R G Y  C O P i S I J I I P T  I O I I  
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FIGURE 9 
S i r l i l a r l y ,  convenience o u t l e t  (equipr ient) 
schcdules and power d e n s i t i e s  w r e  not  est imated 
c o r r e c t l y .  The d i f f e r e n c e s  i n  p r e d i c t e d  c o o l i n g  
consunption r e s u l t i n g  from these e r r o r s  cou ld  
r e s u l t  i n  de t r imsn ta l  energy conservat ion s t r a t e z i e s  
i f  the  s imu la t ion  wcre ussd as the  pr imary i n p u t  
f o r  decision-making. I n  any p a r t i c u l a r  s i t u a t i o n .  
the  r n a ~ r ~ i t u d e  o f  e r r o r s  r e s u l t i n g  from f a u l t y  
buildin:: use assurnptions eiight e a s i l y  equal o r  
exceed the ca lcu la ted  savings fro61 any proposed 
erierzy conservat ion s t r a t e z i e s .  
Hour ly  end-use energy data were c o l l e c t e d  and 
analyzed f o r  a one year period. Cool ing energy 
was found t o  represent  approximately 12  percent 
o f  the t o t a l  annual e l e c t r i c i t y  consumption. 
Economizer opera t ion  was shown t o  p rov ide  a  r e l a -  
t i v e l y  small  p o r t i o n  o f  annual c o o l i n g  requi re-  
ments. The d i f f i c u l t y  o f  e x p l a i n i n g  the causes 
o f  the loads were h igh l igh ted .  The low coo l ing  
requirements as w e l l  as t h s  c o o l i n g  behavior o f  
t h e  d i f f e r e n t  per imeter  zones cou ld  no t  be d i r e c t l y  
coupled t o  the  issues o f  proper equipment s i z i n g .  
opera t ing  schedules, and bui ld in :  cons t ruc t ion .  
This  r e v e l a t i o n ,  w h i l e  d isappo in t ing ,  emphasizes 
the  need f o r  c a r e f u l  des ign o f  meter ing s tud ies  
developed t o  i d e n t i f y  s t r a t e g i e s  t o  reduce t o t a l  
enerLy use as w e l l  as peak energy demand. 
The experience gained from t h e  c a l i b r a t e d  
energy s i m u l a t i o n  h i z h l i g h t e d  t h e  care and cau t ion  
requ i red  when us ing t h i s  approach f o r  analyz ing 
cnergy use i n  s p e c i f i c  b u i l d i n g s .  The meter ing 
e f f o r t  has revealed t h a t  accurate opera t ing  
schedules a re  o f  utmost importance. The ana lys t  
s h o ~ ~ l d  devote the  t ime and expense necessary t o  
c o r r e c t l y  est imate schedules and i n t e r n a l  load 
d e n s i t i e s  be fo re  a t tempt ing  t o  determine conserva- 
t i o n  s t ra teg ies .  P e r i o d i c  spot  measurements a t  
t h e  e l e c t r i c  panel are probably  warranted. 
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